Abstract. MicroRNAs (miRNAs) are endogenously expressed RNAs 18-24 nucleotides in length that regulate gene expression through translational repression by binding to a target mRNA. It is thought that the expression level of miRNAs, which act like antioncogenes, is frequently reduced in cancers because of chromosome deletion and epigenetic changes. Since the processing of miRNAs has been characterized to be enzymatic in nature, the expression levels of miRNAs are closely associated with the activity and levels of such enzymes. Here, we found that miRNA 143 and 145 expression levels were extremely reduced in colon cancer cells and commonly in the other kinds of cancer cells tested. The transfection of each precursor miRNA into the cells demonstrated a significant growth inhibition in human colon cancer DLD-1 and SW480 cells, and ERK5 was determined to be the target gene of miRNA 143. Since the presence of genomic loci of the miRNAs was confirmed by PCR in the cell lines and the precursor miRNAs exhibited a growth inhibitory effect in DLD-1 and SW480 cells, the early processes such as transcription and enzymatic modification from primary miRNAs to precursor miRNAs seemed to be commonly disturbed. These findings indicate that the miRNAs 143 and 145 could become good tumor markers and provide an important clue in the study of the mechanism of oncogenesis involving miRNAs.
Introduction
MicroRNAs (miRNAs) are a recently discovered class of small non-coding transcripts that regulate gene expression by promoting the degradation of transcribed mRNAs or by inhibiting their translation (1) . Although bioinformatic approaches suggest that miRNAs may regulate the expression of a large fraction of the genome (2, 3) , the determination of miRNA gene targets and biological fractions has been comparatively limited. More than 400 miRNAs have been identified in the human (miR registry, www.sanger.ac. uk/Software/Rfam/mirna/index.shtml). Emerging studies suggest that many miRNAs may participate in human disease, especially in the case of oncogenesis (4, 5) . Changes in the levels of miRNAs may alter the control of growth or apoptosis in some cancers (6) (7) (8) . A reduction in the level of miRNAs has been reported to occur in various cancers (9, 10) . Chromosomal aberrations such as mutation, amplification, deletion and translocation, as well as epigenetic changes, are frequently observed in cancers, which cause not only deregulation of mRNA expression, but also inappropriate miRNA expression. There are some reports that the level of let-7 was decreased in lung tumors and this findings predicted the prognosis of patients (9) . It was also reported that let-7 miRNA negatively regulated the oncogenes RAS and c-myc at the translational level (11) . In such situations, we have sought to clarify whether miRNAs are truly associated with the cell proliferation and differentiation, and what oncogenes are regulated at the translational level by the miRNAs. Here, we found that miRNA (mir)s 143 and 145 were associated with the oncogenesis by showing a decrease in their expression levels. This association was commonly observed in the various cancers tested. These findings afford the possibility that these miRNAs may become tumor markers, and a target of study to learn how the miRNAs contribute to carcinogenesis.
Materials and methods
Patients and tissue preparation. All human tissue samples were specimens from patients who had undergone biopsy for histological diagnosis of colon cancer at Saiseikai Ibaraki hospital, Ibaraki, Osaka, between 2000 and 2003. Informed consent in writing was obtained from each patient. The tumor and its adjacent normal tissues were obtained. Each specimen was divided into 2 parts. One was subjected to Western blot analysis, and the other was used for extraction of RNA. The total-RNAs from human normal tissues were purchased from BioChain Institute, Inc. (Hayward, CA).
DNA array hybridization.
Fractions containing RNA species smaller than 30 nt were isolated from total-RNA samples by a rapid column gel-electrophoresis method (Ambion Inc., Austin, TX). miRNAs were 3' labeled with poly(A) poly- Semi-quantitative RT-PCR and genomic PCR. Total-RNA was isolated from the cells and tissues by the phenol/guanidium thiocyanate method with DNase I treatment. To determine the expression of miRNAs, we measured their levels by using a mirVana™ qRT-PCR miRNA detection kit (Ambion) and mirVana™ qRT-PCR Primer set (Ambion). Briefly, after reverse transcription of 50 ng of total-RNA, cDNA was generated. The PCR reaction consisted of 22 cycles (95˚C for 15 sec, 60˚C for 30 sec) after an initial denaturation step (95˚C for 3 min). U6 was used as an internal control. The PCR primer pairs for mirs-143 and -145 were obtained commercially from Ambion. The PCR products by using such primer pairs were confirmed to be from loci of mirs-143 and -145 by DNA sequencing.
To determine the levels of mRNAs, we purified prepared cDNA samples by use of a PCR purification kit (Qiagen, Hilden, Germany) and used them for PCR (Takara, Ohtsu, Japan). The primers for ERK5 were as follow: ERK5-sense-211, 5'-CCTTCGATGTGACCTTTGAC-3'; and ERK5-antisense-1418, 5'-TGACACCATTGATCTGACCC-3'.
To examine the presence of the genomic loci of mirs-143 and -145, we extracted DNA from the cell lines tested and used it for PCR (Takara). The primers for genomic loci of mirs-143 and -145 were as follow: 5q32-sense, 5'-TTGGTCC TGGGTGCTCAAAT-3'; and 5q32-antisense, 5'-AGGAACT CCCAAGCTCAAGT-3'. The primers amplified the DNA fragment including the both loci at 5q32. The genomic locus of glyceraldehyde phosphate dehydrogenase (GAPDH) was used as an internal control. The PCR reaction consisted of 30 cycles (94˚C for 30 sec, 57.5˚C for 1 min, 72˚C for 1 min) after an initial denaturation step (95˚C for 1 min). The PCR products were analyzed by electrophoresis on 2% agarose gels.
Transfection of DLD-1 and SW480 cells with mir-143 or-145
precursor miRNAs. DLD-1 and SW480 cells were seeded in 6-well plates at a concentration of 1-2x10 5 /well (30-40% confluence) the day before the transfection. The mirs-143 and -145 precursor miRNAs (Ambion) were used for the transfection of the cells (20-80 nM/ml), which was achieved by using cationic liposomes TransIT-TKO (Mirus Bio Co., Madison, WI) according to the manufacturer's Lipofection protocol. The transfection efficiency was evaluated by the transfection of the cells with a duplex siRNA-FITC (Dharmacon, Lafayette, CO). Non-specific control miRNA (NS, 57% GC content; Ambion) was used as a control for non-specific effects. The precursor mirs-143 and -145 were UGAGAUGAAGCACUGUAGCUCA and GUCCAGUUU UCCCAGGAAUCCCUU, respectively. The effects manifested by the introduction of mir-143 or -145 precursor miRNAs into the cells was assayed at 48 h after the transfection by Western blot and qRT-PCR analyses for mRNA and miRNA.
Western blotting. The cells were homogenized in chilled lysis buffer comprising 10 mM Tris-HCl (pH 7.4), 1% NP-40, 0.1% deoxycholic acid, 0.1% SDS, 150 mM NaCl, 1 mM EDTA and 1% Protease Inhibitor Cocktail (Sigma) and stood for 30 min on ice. After centrifugation at 13,000 rpm for 20 min at 4˚C, the supernatants were collected as protein samples. Protein contents were measured with a DC Protein assay kit (BioRad, Hercules, CA, USA). Ten micrograms of lysate protein for Western blotting of ERK5 and c-myc was separated by SDS-PAGE using a 10% polyacrylamide gel and electroblotted onto a PVDF membrane (Du Pont, Boston, MA). After blockage of non-specific binding sites for 1 h with 5% non-fat milk in PBS containing 0.1% Tween-20, the membrane was incubated overnight at 4˚C with anti-human ERK5 antibody (Cell Signaling Tec. Inc., Berverly, MA) or with antihuman c-myc antibody (Santa Cruz, CA). The membranes were then washed 3 times with PBS containing 0.1% Tween-20, incubated further with HRP-conjugated sheep anti-mouse or donkey anti-rabbit Ig antibody (Amersham Biosciences, Piscataway, NJ) at room temperature, and then washed 3 times with PBS containing 0.1% Tween-20. The immunoblots were visualized by use of an enhanced chemiluminescence detection kit (New England Biolabs, Beverly, MA, USA). Table I . Summary of clinicopathologic features in human colorectal tumors. 1  44  Female  55x25x15  Sigmoid  Well  C  2  62  Female  67x55x20  Ascending  Well  C  3  50  Male  120x74x25  Rectum  Well  C  4  65  Male  50x40x15  Rectum  Moderate  C  5  62  Female  60x60x25  Caecum  Moderate  C  6  70  Male  70x60x28  Sigmoid  Well  C  - ---------------------------------------------------------------------------------------------------- 
Results
We examined the expression profile of miRNAs from DLD-1 cells by the hybridization of the miRNAs to the DNA microarrays for miRNAs (data not shown). From the results of DNA array hybridization, we focused on the mirs-143 and -145 among the low-expression miRNAs in the experiment. In order to determine the expression levels of mirs-143 and -145, we examined the expression of both miRNAs in the colon tumor samples (Table I ) by qRT-PCR. As shown in Fig. 1 , in 5 of 6 patients the expression levels of both miRNAs in tumors were significantly decreased compared with those in the paired normal samples, which is almost the same results as obtained by Michael et al (10) . Furthermore, we examined the expression levels of the miRNAs in various kinds of human cancer cell lines. Interestingly, all the cell lines tested showed a considerably low expression of mirs-143 and -145, whereas the expression in the human normal tissue from which each cell line had originated was fairly good (Fig. 2) . Among the human tissues tested, uterine cervix, colon and testis expressed a greater amount of mirs-143 and -145 than the other tissues. The pattern of the expression of both was very similar in the human normal tissues (upper panel).
To validate the function of both miRNAs in cell growth, we next used the mir-143 or -145 precursor miRNAs for transfection of the human colon cancer DLD-1 and SW480 cells, both of which showed a good transfection efficiency by the use of FITC-siRNAs (data not shown). After the transfection, the levels of both miRNAs were increased, which indicated that the enhancement was due to the introduction of each precursor miRNA into the cells (Fig. 3A) . The cell growth of both cell Table I . U6 was used as an internal standard. lines was significantly inhibited in dose-dependent manner at 48 h after the transfection with either mir-143 or -145 (Fig. 3B) . The growth suppressive effects of both precursor miRNAs were almost even, but the effects of both on DLD-1 cells were higher than those on SW480 cells. It has been reported that mir-143 represses the expression of ERK5 translationally (12) . Therefore, by Western blot analysis we examined the time course of the expression of ERK5 protein after the transfection. The results indicated that the level of the protein in DLD-1 cells was significantly reduced, in a dose-dependent manner, by the transfection with mir-143 precursor miRNAs (Fig. 3C) . On the other hand, the levels of ERK5 mRNAs evaluated by qRT-PCR in DLD-1 cells were almost unchanged in the same samples ( Fig. 3C; upper panel) , which indicated that the exogenously transfected mir-143 precursor miRNAs caused the decreased expression of the ERK5 protein at the translational level. The level of c-myc protein, a downstream signal protein of ERK5 (13, 14) , was also reduced after the transfection ( Fig. 3C; lower panel) .
In order to disclose which process of miRNAs was perturbed in human cancer cell lines, we searched for the genomic locations of mir-143 and -145 (miR registry, www. sanger.ac.uk/Software/Rfam/mirna/index.shtml). Surprisingly, both genomic loci were co-located within 2.0 kb at chromosome 5q32 (15) . Therefore, we constructed the PCR primers to confirm the presence of the genomic region including both loci in the cell lines by PCR. As shown in Fig. 4A , the PCR products using the primer pair were detected in all the cell lines tested. However, in HeLa, U937 and PC3 cells, one allele of the loci may be deleted. To exclude the possibility that the DNA of the loci and the histone were methylated, we examined by qRT-PCR the expression of both miRNAs after treatment of the DLD-1 and SW480 cells with 5-Aza-2'-deoxycytidine at various concentrations. The levels of both miRNAs were found to be almost unchanged (Fig. 4B) .
Discussion
We found that the expression levels of mirs-143 and -145 were reduced in colorectal tumor tissues and further that their expression was commonly decreased in the other types of human cancer cell lines tested. Both miRNAs are possible onco-miRNA markers, and it is certain that the clarification of the mechanisms responsible for the lowering of their expression levels will be a clue to aid our understanding of oncogenesis from a different stand-point. Furthermore, we demonstrated growth inhibition of DLD-1 and SW480 cells after the introduction of mir-143 or -145 precursor miRNAs into them, thus indicating that mir-143 and -145 contributed negatively to cell growth and suggesting the possibility of using these miRNAs as gene therapy for cancers. Micheal et al reported that mirs-143 and -145 consistently display reduced steady-state levels of the mature miRNA at the adenomatous and cancer stages of colorectal cancers and that in cancer cells decreased levels of mature miRNAs was due to reduced Dicer-processing activity. In our study, since the introduction of mir-143 or -145 precursors into the DLD-1 and SW480 cells caused growth inhibition, the activity and expression of Dicer and RNA-induced silencing complex (RISC) proteins which exert the enzymatic modification of precursor miRNAs seemed to be intact (16) (17) (18) . Therefore, we propose that the cause of inadequate expression of mirs-143 and -145 was due to the perturbation of transcription and/or the enzymatic process of the transition from primary miRNAs to precursor ones including Drosha and DGCR8, events that occur in the nucleus (16, 17) . We also confirmed that both miRNAs were decreased in all the human cancer cell lines tested such as brain, liver, cervical, prostate cancers and myelocytic leukemia as well as colon cancer by comparing with matched normal tissues.
Interestingly, the DNA loci of both miRNAs are very close to each other within approximate 2.0 kb, which led us to speculate that both precursors originate from the same primary miRNA. Therefore, we considered that genomic deletions and epigenetic changes may have caused their low expression in the cell lines tested. However, the presence of the DNA loci was confirmed by genomic PCR and the results of qRT-PCR analysis of the miRNAs from the cells treated with 5-Aza-deoxycytidine indicated no methylation of DNA and/or histone of the loci. Further detailed cytogenetic study will be needed to understand the genomic deletion of the loci.
As to the target oncogene(s) of mir-143 or -145, the predicted proteins targeted by mir-143 or -145 shown in the website of Sanger are more than 250 mRNAs. It has been reported that mir-143 negatively regulates ERK5 mRNAs at the translational level (12) . We also obtained a similar result from the transfection experiments using mir-143 precursor miRNAs. ERK5 is known to promote cell growth and proliferation in response to tyrosine kinase (13, 14) , therefore persistent dereased levels of mir-143 in cancer cells may be directly involved in carcinogenesis through activation of the mitogen-activated protein kinase (MAPK) cascade via ERK5. According to the target proteins of mir-145, although we searched for its several candidate proteins by Western blot, we could not determine it. However, MAPK transduction proteins such as MAP3K and MAP4K4 are possible targets for mir-145. Thus, in the case of the signal molecules in the MAPK system and transcription factors targeted by such an miRNA, the expression of many proteins would be affected, leading to deregulation of the signal transduction of cell growth, survival and death. c-myc is also lowered by the transfection of cells with mir-143 precursor miRNAs, perhaps due to the decreased expression of ERK5, because c-myc lies downstream of the cell growth signaling pathway including ERK5 (13, 14) .
A primary miRNA from 5q32 probably generates both of the mature miRNAs that effect growth inhibition, and thereby same transcription factors could be involved in the transcription. Recently, Fazi et al have reported the gene reprogramming through transcription of mir-223 mediating two transcription factors NFI-A and C/EBP· in human granulocyte differentiation (19) , which may be also a possible scenario in this case.
Further study to clarify the details of the machinery involved in miRNA processing and the association between the perturbation of RNA modification and carcinogenesis will be needed for a better understanding of the carcinogenesis involving miRNAs.
